This work focuses on the behavior of the stable Mg and Si isotope compositions of the largest Arctic river, the Yenisey River and 28 of its major and minor tributaries during the spring flood period. Samples were collected along a 1500 km latitudinal profile covering a wide range of permafrost, lithology, and vegetation. Despite significant contrasts in the main physico-geographical, climate, and lithological parameters of the watersheds, the isotope composition of both dissolved Mg and Si was found to be only weakly influenced by the degree of the permafrost coverage, type of vegetation (forest vs. tundra), and lithology 
samples a large variety of environments and lithologies, these values may be reasonable estimates for the average Mg and Si isotopic composition of the dissolved riverine flux to the Arctic Ocean.
Introduction
Fresh water input to the Arctic Ocean is mainly provided by the riverine systems draining Siberia; discharge from the Canadian Arctic shelf contributes less than 15% of the total water volume arriving to the Arctic Ocean (Holmes et al., , 2013 . Over the past two decades, numerous studies of large river systems flowing into the Arctic have examined the chemical composition of water samples collected during the summer (July-August) (Huh et al., 1998a,b; Huh and Edmond, 1999; Vigier et al., 2001; Pokrovsky and Schott, 2002; Gordeev et al., 2004; Millot et al., 2003; Pokrovsky et al., 2005a; Lemarchand and Gaillardet, 2006; Andersen et al., 2007) . These studies provide significant information about the processes controlling element transfer to the ocean and have allowed the characterization of the major element biogeochemical cycles in boreal regions. Nevertheless, the fresh water discharge in Arctic Ocean exhibits strong seasonal variability. Approximately 45 % of the annual water discharging into the Arctic occurs during the spring snowmelt (Holmes et al., 2013) . This observation has a major impact on both the quantity of dissolved elements transferred to the Arctic Ocean and their isotopic composition. The present study was designed to assess the contribution of the spring flood to the chemical and isotope input to the Arctic Ocean from the Yenisey river and its main tributaries.
Studies on small boreal rivers in Sweden and in Alaska (Guo et al., 2004; demonstrated that elemental fluxes in the Arctic region vary seasonally as does water discharge. As the Yenisey River is the largest contributor of freshwater to the Arctic Ocean, providing 18% of the total annual river discharge (Holmes et al., 2013) , evaluation of its elemental fluxes, isotopic signatures, and their possible origin is especially significant for characterizing weathering processes and the Arctic Ocean chemistry. Moreover, the Yenisey is the most important river feeding the Arctic Ocean in terms of silicate weathering and carbon drawdown; from 39 to 55% of the silicate weathering and from 45 to 61% of the carbonate weathering of the rivers draining into the Arctic Ocean occurs in the Yenisey catchment .
Owing to its unique geographic position, sampling a latitudinal transect of the Yenisey River allows the detailed study of the influence of numerous factors on river water dissolved load as well as its isotopic composition. Roughly 88 percent of the Yenisey river watershed is covered with permafrost. Its tributaries drain highly contrasting basins: its left tributaries drain western Siberian bogs and peat soils and its right tributaries drain regions of variable lithology, from granites/gneisses in the south to carbonate and terrigenous rocks in the middle, and basalts and tuffs in the north. The tributaries also have contrasting land cover, both in terms of vegetation (evergreen needle-leaf, deciduous broadleaf, and deciduous needle-leaf forests) and the relative contribution of wetlands (0-20%), tundra (0-100%), and forest (0-100%) (see Tables S1 and S2 of 
the Electronic Supplementary Material, ESM).
The major element concentrations and discharge of large Arctic Rivers can be constrained using the data summarized by Gordeev et al. (1996) and Holmes et al. (2012 Holmes et al. ( , 2013 . For the case of the Yenisey River, the spring flood (May-June) contributes 29.0±1.4 % and 38.6 ± 2.3% of the annual flux of Mg and Si, respectively. These values are calculated based on mean multi-annual fluxes and concentrations provided in ESM Table S3 and S4.
This study was designed to quantify the Si and Mg isotopic composition and to constrain the processes influencing these compositions during the critical spring flood period.
Previous studies of small and medium permafrost-affected monolithological watersheds covered by monospecific (larch-free) forests developed on Central Siberian basalts help to illuminate processes affecting major element dissolved riverine fluxes during the spring floods. During the ice break and following massive freshet, radiogenic Sr signatures evolve towards the atmospheric value, suggesting a major influence of dust dissolution on water chemistry (Bagard et al., 2011 (Bagard et al., , 2013 . Stable Si isotope ratios decrease at the beginning of the spring flood, suggesting the dissolution of Si-bearing clays present in the river suspended matter (RSM) . Another factor influencing the Si isotopic composition of Siberian rivers is plant litter leaching, which tends to make the river water δ 30 Si more positive, as plant litter is 1 to 2 ‰ more positive than the clay minerals (Opfergelt et al., 2008) .
Numerous earlier studies have used Mg isotope signatures in riverine waters to track weathering processes as Mg isotopes exhibit distinct fractionation during weathering (Tipper et al., 2008; Wimpenny et al., 2010; Pogge von Strandmann et al., 2008; Brenot et al., 2008; Oelkers et al., 2015) . In particularly, in silicate catchments the Mg isotope compositions of riverine waters generally exhibit lighter compositions compared to their host rock; this behavior has been attributed to the preferential uptake of heavy Mg during secondary silicate mineral formation (Teng et al., 2010; Opfergelt et al., 2012 Opfergelt et al., , 2014 Beinlich et al., 2014; Pogge von Strandmann et al., 2008) .
The Mg isotope signatures of Siberian rivers have the potential to trace both secondary mineral formation in soil and underground horizons, and the contribution of bedrock dissolution. As a working hypothesis, we might expect that the effect of rock lithology and plant litter leaching / uptake on Yenisey river chemistry will progressively decrease northward, given that the mineral soil column and the rooting zones are frozen in continuous permafrost. In contrast, silicate RSM dissolution in the river water will be controlled by the RSM concentration; as most of the RSM originates from river bank abrasion and its contribution to river chemistry will be less sensitive to the degree of permafrost coverage and basement lithology. Moreover the composition of the RSM is likely variable throughout the year; during the spring flood period, only the upper organic-rich soil layers are unfrozen and can deliver particulate material to the river (Pokrovsky et al., , 2015a Viers et al., 2015) .
The role of these processes will be tested in this study. It is anticipated that by providing quantitative constraints on the major element sources it may be possible to better predict the effect of future global change on the chemical and isotopic fluxes to the Arctic Ocean.
Water Sampling and Analytical Procedures

Sampling Area
The river water samples examined in this study were collected during a Yenisey River cruise on the river-sea class ship "Sovetskaya Arktika" between the 12 th and the 28 th of June, 2012. The cumulative distance covered by the ship was more than 3,000 km. During the expedition, samples were collected from the main Yenisey River channel and all of its significant tributaries, including 9 draining the western and 16 draining the eastern parts of the basin (see Fig. 1 and Table 1 ). Among these were three major tributaries: the Angara, the Podkamennaya Tunguska, and the Nizhnyaya Tunguska, representing 25, 10, and 19%, respectively, of the annual Yenisey river discharge to the Kara Sea. Based on the Roshydromet network of 15 gauging stations, it is estimated that the sampled tributaries contribute ~79% of the annual discharge of Yenisey River to Kara Sea. In addition, 3 sampling stations were established within the Nizhnyaya Tunguska River basin; these tributaries drain both the northern (i.e. the Putorana Plateau) and southern parts of the Central Siberian Platform (i.e. the Yerachimo, Severnaya, and Letnyaya Rivers). Note that Yerachimo is a tributary of Nizhnyaya Tunguska River and is not directly connected to Yenisey River.
The sampled tributaries are located along a 1500 km latitudinal transect from S to N and sample watersheds of distinct sizes, geomorphology, permafrost extent, lithology, climate and vegetation (see Table 1 and ESM Tables S1 and S2 ). The total watershed area of the rivers sampled in this work is about 1.75 million km 2 , representing 68% of entire Yenisey River basin. Permafrost ranges from non-permafrost in south to continuous permafrost in the north (Brown et al., 1998 
Sample collection
Tributary river waters were sampled from motorboats a few kilometers above their confluences with the main Yenisey River channel. Water samples were collected in the middle stream of the tributaries just beneath the water surface for the smaller rivers or at several depths using hand-made pump to obtain depth integrated samples for the larger rivers. SpCond, turbidity, and dissolved O2 were measured directly in the rivers using a multiparameter sonde YSI-6 (YSI, USA). From 5 to 10 L of river water was collected; these samples were immediately filtered, collected in Nalgene high-density polyethylene bottles, acidified with ultrapure nitric acid, and stored in a refrigerator prior to analyses. River suspended matter (RSM) concentration was measured by filtering 0.5-1.0 L of river water on pre-weighted GFF or acetate cellulose filters (< 0.22 µm) with an uncertainty of 10%. A large quantity of RSM was collected from the main river and its tributaries by sedimentation in 50-L PVC barrels, decanted for 1 week, centrifuged, and freeze-dried.
Chemical and Isotopic Analyses
The concentrations of major cations, including Mg, in acidified water samples were measured by ICP-MS (Agilent 7500ce) at the GET laboratory (Toulouse, France). Indium and rhenium were used as internal standards to correct for instrument drift and potential matrix effects. In addition, Mg was analyzed by atomic absorption spectroscopy with an uncertainty of 1% and a detection limit of 10 µg kg -1 . A non-acidified water sample was used for: 1) Si determination via the ammonium molybdate method using a Bran+Luebbe AutoAnalyser 3 with a 2 % uncertainty and a 10 µg kg -1 detection limit, 2) dissolved organic (DOC) and inorganic (DIC) carbon analyses by total combustion at 800°C using a SHIMADZU Pt catalyser (TOC-VCSN) with a 5 % uncertainty and a detection limit of 0.1 mg kg -1 (see Prokushkin et al., 2011) ; and 3) chloride and sulfate determination via liquid chromatography using a DIONEX ICS-2000 with an uncertainty of 2 % and a detection limit of 0.02 mg kg -1 .
The SLRS-5 international river water standard was used to check the accuracy of the Si, Mg, Ca, and Sr analyses. The differences between the certified or recommended values and our measurements were lower than 10%. The concentration of colloidal (1 kDa -0.45 µm) and dissolved or low molecular weight (LMW, < 1 kDa) forms of Si and Mg were measured by on-site dialysis as described by Bagard et al. (2011) and Pokrovsky et al. (2013) .
Water samples were chemically purified prior to Mg isotopic analysis by cation exchange chromatography. Separation of the Mg from the matrix elements followed the protocol described by Mavromatis et al. (2013) are consistent with mass-dependent fractionation (see Table 2 ). The reproducibility of the δ 26 Mg analyses, assessed by replicate analyses of the DSM-3, CAM-1 and OUMg Mg reference standards, and the dolomite carbonate standard JDo-1 was better than 0.02‰, 0.07‰, 0.06‰ and 0.09‰, respectively. This precision is similar to that reported earlier from our laboratory (Pearce et al., 2012; Beinlich et al., 2014; Mavromatis et al., 2012; 2014a; 2014b; Shirokova et al., 2013; Schott et al., 2016) , and fall within the range of values reported earlier for these standards by other groups (Li et al., 2012; Tipper et al., 2006; Bolou-Bi et al., 2009; Geske et al., 2015; Immenhauser et al., 2010; Pogge von Strandmann, 2008; Wombacher et al., 2009 Wombacher et al., , 2011 . In addition the column chemistry of the IAPSO seawater sample provided results similar to those reported by Wombacher et al., (2011) (see Table 2 ).
Si was purified from the river water matrix following the protocol described by Pokrovsky et al. (2013) . Briefly, river water samples were reacted with 2% HNO3 and 1%
H2O2 to remove as much dissolved organic matter as possible. If necessary the resulting solution was concentrated via evaporation to obtain a Si concentration of 3 ppm. The final sample was acidified with bidistilled HCl to achieve a 0.05M matrix prior to its loading onto a 1.6 mL cation exchange resin BioRad 50W-X12, 200 to 400 mesh in H + form. The isotope analyses were carried out using a 'Neptune' MC-ICP-MS at the GET laboratory (Toulouse, France) in medium resolution mode. At least three replicate samples were measured against the NBS-28 standard. The basalt standard BHVO-2 was treated similar to the water samples described above and it was measured 18 times during the analyses, resulting in a δ Speciation calculations were conducted using Visual Minteq 3.1 software (Gustafsson, 1999) 
Results
The major chemistry and Sr isotope ratio of the Yenisey River and its tributaries during the spring flood
The chemical composition of major elements in all river water samples can be found in Table S5 . A plot of Mg/(Na+K) vs. Ca/(Na+K) concentrations of the sampled river waters is shown in Fig. 2 . The linear trend of the data on this plot suggests that they are consistent with the mixing of two or more end members such as Precambrian dolomite, basalts, granites and larch litter. Similar observations of the chemistry of Siberian rivers were attributed by Bochkarev (1959) , Alekin (1970) , and Pokrovsky et al. (2006) to the mixing of chemical inputs from two major sources. The first is the surface organic-rich soil layer together, including plant litter, and the second is the dissolution of deep mineral soil horizons and base rock occurring in underground water reservoirs that feed the river via taliks (Anisimova, 1981; Bagard et al., 2011 Bagard et al., , 2013 . The relative contribution from these two pools varies over the year, owing to the presence of permafrost. In particular, top soil and plant litter leaching dominates during the early spring, whereas the mineral soil horizons are more reactive at the end of the summer when the thickness of the thaw layer is at its maximum; the weathering of the rock basement is most pronounced during winter baseflow. Finally the annual atmospheric input contribution to the Yenisey and its tributaries is below 10% (Pokrovsky et al., 2005) , which is significantly different from the conditions occurring to the West as the Karelia and the Kola regions are located closer to the sea coast.
The 87 Sr/ 86 Sr ratio is an efficient tracer of bedrock weathering especially in permafrost-affected zones (Keller et al., 2010; Bagard et al., 2011; (Huh et al., 1998a, b; Huh and Edmond, 1999) and slightly lower those of the Yenisey coastal sediments (0.712; Guo et al., 2004) , the average value of Canadian rivers (0.7111; Wadleigh et al., 1985) , and the global river average which range from 0.7116 to 0.7119 (Palmer and Edmond, 1989) .
The Mg isotope composition of Yenisey River water
The Yenisey River tributary water samples exhibit variations of up to 1‰ in δ 26 Mg (see Table 2 The Mg isotope signatures were found to be independent of most watershed physicogeographic parameters including the basin area, MAAT, % of forest, wetland and tundra on the watershed, and the lithological composition of the watersheds such as the proportion of granites, basalts, terrigenous, and carbonate rocks as illustrated in ESM Figs. S8-S12 and summarized in ESM Table S6; this table also 
Si isotope variations of water samples
The measured water samples exhibit variations of up to 1.5‰ in δ 30
Si (see Table 2 ).
Similar to the behavior of Mg isotopes, a slight progressive enrichment in Similar to Mg, the Si isotope signatures were found to be statistically independent of most watershed physico-geographic parameters including the basin area, MAAT, % of forest, and tundra, and the watershed lithological composition including the proportion of granites, basalts, terrigenous, and carbonate rocks as illustrated in ESM Figs. S14-S18 -see Table S6 for , 1997) . The presence of diatoms, however, was not correlated with any measured isotopic signature.
Discussion
Mg isotopic signals in riverine waters: effect of silicate RSM leaching and deep carbonate rock dissolution
Permafrost extends throughout the Yenisey drainage basin, but ranges from continuous in the north to isolated and sporadic in the south ( Fig. 1 ; ESM Table S1 ). Note that only the Kem and Kas river basins, located in the southwestern part of the Yenisey catchment, are not affected by permafrost. Despite the contrasting permafrost distribution, no significant correlation was observed between the isotopic compositions and permafrost extent, as well as the MAAT (see ESM Figs. S3, S4, S9, S10, S15, S16). As mentioned above, previous studies argued that the major chemistry of Siberian Rivers originates from the combination of two sources (Bochkarev, 1959; Alekin, 1970; Pokrovsky et al., 2006) . The first is the surface organic-rich soil layer including plant litter. The second is the dissolution of minerals deep within soils and in the base rock fed to the river via taliks (Anisimova, 1981; Bagard et al., 2011 Bagard et al., , 2013 . The relative contribution from these two pools is variable over the year, owing to the presence of permafrost. In particular, top-soil and plant litter leaching occurs mainly during the early spring, whereas mineral dissolution is particularly active at the end of the summer, when the thickness of the thaw layer maximizes, and rock basement weathering is most pronounced during winter baseflow.
The Mg isotopic composition of two large Central Siberian rivers (the Kochechum and the Nizhnyaya Tunguska) was recently measured to illuminate the Mg sources generated by basalt weathering under permafrost conditions in a larch deciduous forest (Mavromatis et al., 2014a) . During the winter, the dissolved Mg isotope composition of these rivers was significantly lighter than the surface basaltic rocks and the atmospheric deposition, suggesting (Pearce et al., 2012; Mavromatis et al., 2015) . This process would provide heavy Mg at relatively low DIC, which is typical for spring waters. An acid spring pulse, fairly well known in Scandinavian rivers (Buffam et al., 2008) and linked to fast leaching of organics from the vegetation, is also responsible for the low DIC in the river water during this period. This is most evident for the Yenisey tributaries draining the western Siberian bogs and wetlands including the Kas, the Elogyi, the Turukhan, the Sym, and most northern Bolshaya Kheta basin areas. These rivers drain primarily peat deposits, where surface waters have little contact with soil mineral horizons (Pokrovsky et al., 2015b) . This binary mixing model is further supported by the correlation of δ 26 Mg with 1/Mg concentration plots as can be seen in Fig. 4B . Note that the observed binary mixing does not necessarily exclude the mixing of several endmembers as previously suggested for the Mackenzie Basin (Tipper et al., 2012) . As shown by Zakharova et al. (2007) Moreover, the δ 26 Mg composition of basalts, granites and plant litter is very similar (see Mavromatis et al., 2014a) . Indeed, it can be seen from the Ca/(Na+K) vs Mg/(Na+K) plot of the studied rivers (Fig. 2 ) that several possible sources of the major cations are aliened along the same trend. Therefore, the compositional trends observed during the spring flood do not allow discrimination between the organic and mineral pools of Mg feeding the river, and measurements during the winter season are necessary to constrain the underground (carbonate, silicate) source of riverine Mg.
Basaltic rocks are generally depleted in 24 Mg with an average δ 26 Mg = -0.23 ± 0.11‰ (Teng et al., 2007; Handler et al., 2009; Bourdon et al., 2010) . This observation shows that the host rock can exert a significant effect on the isotopic composition of the dissolved Mg; a strong influence of carbonate dissolution has been observed in the Central Siberian river basins at the end of the winter season (Mavromatis et al., 2014a) . Indeed, the Precambrian dolomites present in the southern part of the Siberian platform, provide 30 to 40 ppm of DIC at the end of the winter to the Nizhnaya Tunguska River (Bagard et al., 2011; Prokushkin et al., 2011) . This feeding of the main river occurs via deep taliks, where the interaction of dolomite with basement fluids could occur.
The effect of RSM and alumino-silicate mineral precipitation in deep reservoirs on Si isotope signatures:
Heavy Si isotopic compositions are typical for Central Siberian rivers during the winter; Si is typically 1 to 1.5‰ lighter during the spring floods. At the discharge maximum, which occurs during the spring flood, typically at the beginning of June, the  30 Si of the Nizhnaya Tunguska and the Kochechum river water approaches that of the particulate suspended matter and weathered basalt (i.e. 0.25±0.16 and 0.32±0.13 ‰, respectively, see Pokrovsky et al., 2013) . The concentrations of dissolved Si in Central Siberian riverine waters decrease by a factor of 2.5 to 3 at the beginning of June compared to the winter baseflow, whereas the river discharge increases by 2 to 3 orders of magnitude .
Owing to extensive permafrost, most of the soil is still frozen and so little to no subsoil fluid Si shown in Fig. 6A , suggests clay mineral formation in the deep groundwaters of the watersheds. Indeed, secondary clay mineral formation is considered to be a key fractionation process controlling the δ 30 Si composition in natural waters (Georg et al., 2006) .
Clay mineral formation leads to high δ 30 Si due to the preferential uptake of 28
Si by secondary Si-bearing phases (Georg et al., 2006) . This is reflected in the δ 30 Si composition of soil solution samples from the Nizhnyaya Tunguska basin, which exhibit values of 2.0±0.1‰ (n=3) . Moreover, clay precipitation would remove Al relative to Ca from aqueous fluids (De la Rocha et al., 2000) . We thus hypothesize that the Yenisey tributaries exhibiting high Ca/Al and heavier Si (e.g. Miroedikha, Letnyaya, Sukhaya Tunguska, Yerachimo) are strongly affected by winter groundwaters that were influenced by secondary silicate clay formation. This observed 30 Si enrichment is typical for permafrost dominated rivers such as the Nizhnyaya Tunguska and the Kochechum during winter baseflow, as during this time the deep groundwaters feeding the rivers have longer residence times, allowing for a longer interaction with their surrounding rocks leading to clay precipitation .
The maximum concentration of Al in the rivers of the Yenisey basin is achieved during the spring flood, when it is present in organic colloids (Bagard et al., 2011) . Note that
Al is fully complexed with Dissolved Organic Matter (DOM; Pokrovsky et al., 2015b) in the left tributaries of the Yenisey River. Our calculations also demonstrate the dominance (>95%)
of Al-DOC complexes in surface waters. Aluminium therefore becomes mobile in the surface environments due to the presence of DOM. This is not the case for DOM-poor underground waters where Al precipitates as secondary clays thus increasing the Ca/Al ratio in the remaining fluids.
The waters of some of the Yenisey tributaries exhibit depleted 30 Si isotopic signatures, low Ca/Al, Ca/Si and Mg/Si concentration ratios, and high RSM (see Fig 6) . Such observations can be attributed to the dissolution of RSM components such as allophones and amorphous clays in the river. Such trends are coincident with those of low-RSM winter waters and high RSM spring flood waters as observed in Central Siberian rivers (open squares and circles, respectively, in Fig. 5B ). The rivers exhibiting the highest RSM are those draining the western Siberia lowlands, which have clay deposits and minimal amounts of crystalline rocks in their watershed (Frey et al., 2007a,b; Pokrovsky et al., 2015a) .
The residence time of RSM in rivers is comparable to that of the water itself, i.e., days in small rivers and weeks in largest rivers. The dissolution of silicates with high surface area is rather fast, and that of the plant litter is on the order of hours to days (Fraysse et al., 2010; Jeandel and Oelkers, 2015) . As such, this dissolution may not induce significant Si isotope fractionation. The spring river waters are, however, supersaturated with respect to halloysite, imogolite, illite, montmorillonite and kaolinite. Thus secondary Al silicate formation cannot be ruled out. Nevertheless, no statistically significant correlation (p > 0.05) was found between river water saturation state with respect to these clay minerals and measured Si isotope ratios. Moreover, there is no evidence for authigenic mineral formation in the RSM in the Nizhnyaya Tunguska River (Pokrovsky et al., 2005) , thus the formation of secondary minerals in the river waters seems unlikely.
An additional reason for the low δ 30 Si composition of rivers draining the western Siberian lowlands is that these regions have a significant proportion of wetlands (i.e. >10%). 
Evaluation of isotopic fluxes to the Arctic Ocean
The Yenisey River is largely representative of the rivers draining to the Arctic Ocean, due to its highly variable lithology, contrasting permafrost, forest, wetland, and vegetation Pokrovsky et al., 2013) . The Yenisey spring flood Si isotopic signature is also close to that measured in the boreal permafrost-free Kalix River (+0.7 to +1.5 ‰, Engström et al., 2010) and in large tropical rivers (+0.910.09 ‰ in Congo, Hughes et al., 2011; 1.510.19 ‰ in Ganges-Brahmaputra system, Georg et al., 2009) . In contrast, the  30 Si of the Siberian rivers are higher than that observed in rivers draining small Iceland catchments (0.630. 38‰, Georg et al., 2007), and in Swiss rivers (0.840.19‰, Georg et al., 2006) . Such differences may stem from the significantly lower concentrations of suspended material in Siberian rivers compared to the mountainous Iceland and Switzerland rivers, where enhanced runoff disfavors clay formation, which together with scarcer vegetation, results in lower river water
The δ 26 Mg is equal to -1.29±0.03‰ at the mouth of the Yenisey River. This value is very close to that of the Lena River during its summer low flow with a δ 26 Mg=-1.28±0.08‰ (Tipper et al., 2006) . This observation suggests that the Mg isotope compositions of Siberian rivers are significantly lighter (i.e. -1.3‰) compared both to seawater (-0.82‰) and to the -1.09‰ of mean global river runoff (Tipper et al., 2006 where the subscripts "spring", "summer" and "winter" denote the isotopic composition of Yenisey River water during the respected time of the year, whereas the fractions of the annual fluxes for Mg and Si have been calculated after Holmes et al. (2012) and can be found in ESM Table S3 . The spring, summer and winter isotopic compositions in this equation are estimated as follows. The isotopic compositions during the spring are taken from the results described above and are equal to 1.30‰ and -1.29‰ for δ 30 Si and δ 26 Mg respectively. During the summer period, the composition of the Yenisey river is assumed be similar to that of other Central Siberian rivers reported by Pokrovsky et al. (2013) and Mavromatis et al (2014a) and equal to -1.5±0.2‰ and +1.5±0.2‰ for  30 Si and  26 Mg, respectively. The isotopic compositions of the river water during the winter is estimated from the annual variations of Ninzhaya Tunguska River, the most similar, in terms of lithology, to that of the overall Yenisey basin and dominated by Precambrian dolomite dissolution with pronounced secondary minerals formation in the deep groundwaters Mavromatis et al., 2014a) . The resulting mass averaged annual isotope signatures of Si and Mg flux from the Yenisey River to the Arctic Ocean are thereby estimated to be  30 Siannual = 1.60±0.25‰
and  26 Mgannual = -1.58±0.30‰.
Conclusions
Much of the water and solute flux to the Arctic Ocean from the continents occurs during the late spring snow melt. As such the composition of these melt waters have a strong influence on the supply and isotopic composition of dissolved elements to the Arctic Ocean.
In this study we presented the chemical compositions and isotopic signatures of Sr, Mg, and
Si along Yenisey River and 28 of its large and small tributaries during the late spring flood.
Despite the large variation in lithology, vegetation and permafrost coverage in the Yenisey River watershed, the isotopic composition of both dissolved Mg and Si was found to be only weakly influenced by these parameters. These observations suggest that soil mineral 
